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ABSTRACT 

Needle  cast  caused  by  Lophodermella  concolor  is  a 
common  disease  of  lodgepole  pine  when  wet  springs  and 
early  summers  occur.  Variability  of  infection  among  30 
stands  was  highly  significant.  The  correlation  for  eleva- 
tion of  stand  versus  degree  of  infection  was  0.82.  Family 
heritability  was  0. 71  (191  families),  and  h2  based  on  in- 
dividuals was  0.33. 
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A  common  needle  disease  of  lodgepole  pine  {Pinus  con- 
torta  Dougl.)  in  the  Northern  Rocky  Mountains  is  a  nee- 
dle cast  caused  by  Lophodermella  concolor  (Dearn.) 
Darker.  Spores  from  infected  1-year-old  needles  infect  the 
newly  emerging  needles  of  the  current  year.  The  disease 
is  not  obvious  until  the  next  spring  and  early  summmer 
when  the  needles  turn  brown  to  reddish  brown.  Infection 
is  observed  most  frequently  on  young  seedlings  in  moist, 
cool  valleys  (Krebill  1975). 

The  wetter  and  generally  cooler  conditions  that  have 
prevailed  in  the  Northern  Rockies  over  the  last  several 
years  have  increased  the  incidence  of  this  disease.  Al- 
though the  impact  of  this  needle  cast  has  not  been  as- 
sessed, it  is  generally  expected  to  decrease  growth,  espe- 
cially if  there  are  successive  years  of  infection.  For 
example,  6  successive  years  of  infection  by  a  closely 
related  species,  Lophodermella  sulcigena  (Rostr.)  v. 
Hohn.  on  Corsican  pine  (Pinus  nigra  var.  maritinea 
[Acton]  Melville),  resulted  in  a  59  percent  reduction  in 
volume  growth  (Mitchell  and  others  1976). 

Mitchell  and  others  (1976)  pointed  out  that  normally 
not  all  trees  are  infected  in  a  stand;  resistance  in  Corsi- 
can pine  to  L.  sulcigena  appears  to  be  fairly  common. 
Wagener  (1959)  and  Staley  and  Bynum  (1972)  also  report 
the  incidence  of  resistant  Pinus  ponderosa  Laws,  trees  to 
Lophodermella  morbida. 


1  Principal  plant  geneticist  located  at  Intermountain  Station's 
Forestry  Sciences  Laboratory,  Moscow,  ID. 


The  Inland  Empire  Tree  Improvement  Cooperative  has 
established  20  plantations  of  lodgepole  pine.  One  of 
these  tests  was  established  by  the  Forest  Service  at  a 
site  in  northern  Idaho  that  exhibited  heavy  needle  cast 
infection  in  1983.  Although  the  infection  appeared  uni- 
formly heavy  over  the  entire  plantation,  there  were 
many  scattered  individuals  here  and  there  that  either 
were  not  infected  or  on  which  the  infection  was  very 
light.  The  purpose  of  this  paper  is  to  assess  the  suscepti- 
bility of  lodgepole  pine  to  needle  cast  as  related  to 
source  of  seed  and  family. 

MATERIALS  AND  METHODS 

The  provenance-progeny  test  plantation  was  planted 
during  spring  1980  at  the  Lone  Mountain  Tree  Improve- 
ment Center  located  25  miles  (40  km)  north  of  Coeur 
d'Alene,  ID.  The  site  is  flat  with  only  slight  undulations 
at  an  elevation  of  2,488  ft  (758  m).  The  entire  160-acre 
(65-ha)  site  is  surrounded  by  naturally  regenerated  lodge- 
pole pine  and  ponderosa  pine  with  a  lesser  mixture  of 
grand  fir,  Douglas-fir,  and  western  larch.  This  natural 
stand  is  two-layered  with  the  overstory  composed  of  ma- 
ture or  overmature  scattered  trees  (remnants  of  harvest) 
while  the  lower  layer  is  a  pole-sized  stand  20  to  30  ft  (6 
to  9  m)  tall.  Most  of  the  lodgepole  pine  and  many  of  the 
ponderosa  pine  trees  were  infected  to  some  degree  by 
needle  cast. 

The  lodgepole  pine  plantation  is  situated  in  the  south- 
west corner  of  the  tree  improvement  site.  The  rectangu- 
lar plantation  measures  600  by  1,500  ft  (183  by  457  m), 
and  two  sides  are  20  ft  (6  m)  from  the  natural  stand. 

The  seed  came  from  191  open  pollinated  individual 
trees  (families)  from  30  localities  (stands)  throughout 
northern  Idaho.  The  stands  and  number  of  families 
represented  in  each  stand  are  listed  in  table  1. 

The  seedlings  were  grown  at  the  Forest  Service  nur- 
sery at  Coeur  d'Alene  in  4-in3  (66-cm3)  plastic  containers 
and  planted  at  the  Lone  Mountain  plantation  site  in 
March  1980  just  prior  to  their  second  growing  season. 
The  experimental  design  used  was  a  randomized  com- 
plete block  with  five  replications  (blocks).  Eight  progeny 
of  each  family  were  planted  per  replication  as  single-tree 
plots. 
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Table  1.— Stand  descriptions  and  number  of  families  per  stand  of  lodgepole  pine  planted  at  Lone  Mountain 


Miles  from 


Stands 

Families 

Latitude 

Longitude 

Elevation 

Lone  Mountain 

Degrees 

Mm 

Degrees 

Min 

Feet 

(Meters) 

101 

2 

48 

59 

118 

00 

3,700 

(1  100) 

95 

102 

10 

48 

41 

118 

30 

4,500 

(1  400) 

100 

104 

13 

48 

27 

116 

53 

2,500 

(  800) 

35 

105 

7 

48 

27 

117 

11 

3,900 

(1  200) 

47 

108 

5 

48 

06 

116 

16 

3,500 

(1  100) 

33 

110 

5 

48 

05 

116 

12 

5,100 

(1  600) 

33 

112 

2 

47 

49 

116 

29 

4,000 

(1  200) 

8 

113 

5 

47 

49 

116 

29 

4,000 

(1  200) 

10 

114 

3 

47 

48 

116 

44 

2,800 

(  900) 

3 

115 

4 

47 

48 

116 

15 

4,500 

(1  400) 

25 

116 

10 

47 

48 

116 

14 

5,000 

(1  500) 

27 

117 

7 

47 

15 

116 

32 

4,500 

(1  400) 

42 

119 

7 

47 

11 

116 

51 

4,500 

(1  400) 

48 

120 

6 

47 

12 

116 

50 

4,300 

(1  300) 

50 

123 

2 

47 

01 

116 

20 

3,000 

(  900) 

60 

124 

9 

46 

56 

116 

37 

3,800 

(1  200) 

65 

125 

10 

46 

53 

115 

08 

5,500 

(1  700) 

102 

126 

9 

46 

50 

116 

30 

2,800 

(  900) 

77 

127 

10 

46 

41 

115 

36 

4,300 

(1  300) 

103 

128 

9 

46 

40 

114 

59 

6,000 

(1  800) 

123 

129 

8 

46 

38 

114 

32 

5,600 

(1  700) 

148 

130 

3 

46 

38 

114 

34 

5,200 

(1  600) 

145 

131 

10 

46 

37 

114 

42 

5,000 

(1  500) 

140 

132 

2 

46 

36 

115 

37 

3,800 

(1  200) 

12 

134 

6 

46 

34 

115 

52 

3,300 

(1  000) 

107 

135 

2 

45 

51 

115 

24 

4,500 

(1  400) 

153 

139 

10 

45 

45 

115 

56 

4,600 

(1  400) 

157 

140 

5 

45 

42 

116 

01 

5,800 

(1  800) 

160 

141 

5 

46 

08 

116 

41 

4,000 

(1  200) 

122 

155 

5 

47 

09 

116 

52 

5,000 

(1  500) 

52 

Data  were  taken  when  the  maximum  expression  of  dis- 
ease symptoms  was  evident;  this  occurred  mid-June  in 
the  middle  of  the  trees'  fourth  growing  season.  The  plan- 
tation was  first  examined  for  20  to  30  minutes  to  get  a 
feel  for  general  level  and  range  of  infection.  The  infection 
levels  were  noted  by  slowly  walking  along  a  row  of  seed- 
lings. Five  infection  categories  were  then  selected  (fig.  1), 
all  involving  1 -year-old  needles: 

0  =  no  needle  tissue  was  infected 

1  =  less  than  5  percent  of  needle  tissue  was  infected 

2  =  from  6  to  36  percent 

3  =  from  37  to  69  percent 

4  =  more  than  70  percent 

Prior  to  analysis,  the  five  categories  were  changed  to 
the  mean  proportion  for  each  class— that  is:  1  =  0.025; 
2  =  0.21;  3  =  0.53;  4  =  0.85.  For  computing  purposes, 
0  =  0.0004. 

The  analysis  of  variance  and  expected  mean  squares 
are  shown  in  table  2.  The  design  was  unbalanced  for 
both  families  within  stands  and  individuals  within  fami- 
lies requiring  a  combination  of  Anova  and  GLM  (SAS 
1979)  to  derive  the  data.  However,  because  of  the  size  of 


the  test,  the  deviations  for  the  individual  within  family- 
stand-block  were  derived  separately  for  each  plot  and 
then  divided  by  the  harmonic  mean  of  individuals. 

Regressions  of  stands  on  elevation,  latitude,  longitude, 
and  habitat  type  were  derived  with  the  1979  statistical 
analysis  system  (SAS). 


Table  2.— Model  for  analysis  of  variance  and  expected  mean 
squares 


Source  of  variation 

d.f. 

Expected  mean  square1 

Block 

4 

Stand 

29 

ff2w  +  p4  +  pb4(S  +  pf*b4 

Family  in  stand 

161 

a2w+p4  +  Pb°F/s 

Experimental  error2 

760 

C^w+P^E 

Within  plot 

5,004 

1Where:  b  =  5,  S  =  30,  f  =  191,  f*  =  4.60  harmonic  mean  of  fami- 
lies in  stands,  p  =  5.75  harmonic  mean  of  individuals  within  plots- 
families-blocks. 

2Contains  all  sources  of  variance  involving  interaction  of  blocks. 
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Figure  1.— Examples  of  degrees  of  infection  of  needle  rust  on  lodgepole 
pine.  A  =  no  infection,  B  =  light  infection  (2  on  my  scheme)  -  not  to  be 
confused  with  white  cottony  material  caused  by  woolly  aphid,  C  = 
moderate  infection  (3  on  my  scheme),  D  =  heavy  infection  (4  on  my 
scheme). 
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Heritability  was  calculated  using  the  following 
formulas: 
For  individual 


h?  = 


4  a2 

^°F/S 


a2  rfi 
"F/S  +  ffW 


For  family 


'F/S 


°>*  +  ^b"  +-b— 
where  4ct2   is  the  estimated  additive  variance  for 

r  10 

individuals  and  aF/s  for  families. 


RESULTS 

The  level  of  damage  by  needle  cast  varied  from  no 
damage  (6.2  percent  of  the  trees)  to  almost  complete 
defoliation  (4.9  percent  of  the  trees).  The  amount  of  dam- 
age is  summarized  in  table  3,  and  examples  of  the  visual 
classes  are  shown  in  figure  1. 

Analysis  of  variance  of  the  percentage  of  trees  in  each 
category  of  foliage  damaged  is  shown  in  table  4.  Stands 
and  families  in  stands  were  highly  significant.  Variance 
components  are  shown  in  table  5.  Heritability  based  on 
individuals  was  0.331;  for  families  0.710. 

The  associations  (r2)  of  needle  cast  damage  with  lati- 
tude, longitude,  elevation,  and  distance  from  Lone  Moun- 
tain were  0.03,  0.07,  0.63,  and  0.25,  respectively. 


Table  3.— The  level  of  damage  by  needle  cast  on  year-old  foli- 
age of  lodgepole  pine  by  category  used  in  visual 
rating 


Amount  of  foliage  damaged 

Category  Mean 

Range 

Trees 

 Percent  

No.  Percent 

0  0 

0 

374  6.2 

1  2.5 

>5 

1,103  18.3 

2  21.0 

6-36 

2,280  37.9 

3  53.0 

37-69 

1,962  32.6 

4  85.0 

>70 

292  4.9 

Table  4.— Analysis  of  variance  of  damage  by  needle  cast  on 

lodgepole  pine 

Source  of 

variance 

d.f.  SS 

MS  F 

Block 

4  2.1694 

0.5424 

Stand 

29  9.3738 

.3232  13.58** 

Family  in  stand 

161  3.8306 

.0238  3.55** 

Experimental  error 

760  5.1012 

.0067 

Within  family 

5,004  32.7096 

.0065 

"Significant  at  the  1  percent  level  of  probability. 

Table  5.— Variance  components  and  harmonic  means 

Component 

Variance 

Stand 

4 

0.0023 

Family  in  stand 

.00059 

Experimental  error 

A 

.00003 

Within  family 

.0065 

Harmonic  means: 

Family  in  stands 

f* 

4.60 

Individuals  in  families  p 

5.75 
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DISCUSSION 

The  most  striking  geographic  pattern  of  variation  was 
that  associated  with  increase  in  susceptibility  with  in- 
creasing elevation  (fig.  2).  This  is  likely  related  to  the 
phenological  differences  of  lodgepole  pine  at  various 
elevations  together  with  requirements  for  successful 
infection  by  the  needle  cast  fungus. 

Bud  break  is  later,  duration  of  growth  is  shorter,  and 
bud  set  is  earlier  with  increasing  elevation  (Rehfeldt  and 
Wykoff  1981).  At  5,000  ft  (1  500  m)  buds  burst  about 
the  first  week  of  June  in  northern  Idaho,  and  by  that 
time  or  shortly  after,  weather  conditions  change  from  a 
typical  high-humidity,  rainy  period  to  warmer  and  drier. 
This  effectively  prevents  infecting  by  the  fungus.  Mean- 
while, at  low  elevation,  which  is  from  2,100  ft  (640  m)  in 
northern  Idaho,  growth  starts  about  the  first  week  of 
April  and  continues  throughout  the  wet  period.  Thus, 
the  stands  with  highest  resistance  were  found  in  those 
localities  where  the  fungus  and  the  host  coexist  most 
frequently— that  is,  at  low  elevations. 
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Figure  2.— Scatter  diagram  of  average  needle 
cast  per  stand  over  elevations  of  stand  in 
thousands  of  feet. 
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The  wet  spring-early  summer  conditions  are  frequently 
interspersed  with  a  week  or  two  of  dry  weather,  causing 
variation  in  disease  severity  over  years.  In  the  last  5  to 
10  years  weather  conditions  have  become  more  uni- 
formly and  consistently  wet,  resulting  in  more  frequent 
and  more  severe  needle  diseases  in  general  on  several 
tree  species. 

Infection  of  natural  lodgepole  pine  and  ponderosa  pine 
surrounding  the  lodgepole  pine  test  cited  in  this  paper 
was  quite  high,  which  shows  that  resistance  is  not  100 
percent  even  at  this  low  elevation.  This  lack  of  fixation 
of  resistant  genes  is  likely  the  result  of  the  variation  in 
weather  conditions  over  years  and  especially  within  the 
long-term,  relatively  drier  conditions  that  prevailed  over 
much  of  the  Inland  Northwest  from  the  1920's  through 
the  1960's.  If  the  present  trend  is  maintained,  one  would 
expect  an  increase  in  selection  pressure  for  resistance. 

Rehfeldt  (1980a,b)  has  emphasized  the  need  to  deline- 
ate adaptive  variation.  Each  tree  species  has  become 
adapted  to  its  environment  according  to  the  genetic  pat- 
terns or  requirements  within  its  genetic  system.  Pest 
problems,  as  well  as  the  more  obvious  environmental  fac- 
tors (temperature,  soil  moisture,  and  so  forth)  are  also 
part  of  the  selection  forces  acting  on  the  systems. 

Most  pests  are  problems  only  in  certain  areas  or  dur- 
ing certain  years;  for  example,  needle  cast  is  probably  no 
problem  in  the  management  of  lodgepole  pine  at  eleva- 
tions above  3,500  to  4,000  ft  (1  067  to  1  219  m)  for  any 
year  and  below  that  for  most  years.  And  yet  forest 
managers  should  probably  limit  seed  transfer  to  forestall 
maladaptations  to  needle  cast.  Transfer  of  seed  to  a 
higher  elevation  would  presumably  decrease  the  risk  of 
damage  by  needle  cast.  On  the  other  hand,  the  risk  of 
cold  damage  increases. 

Individual  and  family  heritabilities  were  quite  high 
and,  consequently,  genetic  gains  in  resistance  could  be 
substantial.  However,  pest  problems  come  and  go  de- 
pending on  favorable  environmental  conditions.  There- 
fore, it  isn't  always  necessary  or  even  desirable  (because 
it  can  needlessly  decrease  the  gene  pool)  to  breed  for  re- 
sistance just  because  there  is  a  disease  problem  for  a 
few  years.  What  is  important  is  to  make  sure  that  resis- 
tance levels  are  not  decreased  and  that  they  are  attuned 
to  environmental  conditions.  But  if  the  trend  is  for  wet 
weather  for  the  future,  then  resistance  breeding  may  be 
necessary  to  offset  growth  impact  of  the  disease. 

This  study  is  another  example  of  how  our  forest  spe- 
cies are  well  tuned  to  their  environments  and  why  move- 
ment of  seed  sources  should  be  done  carefully.  It  also 
shows  that  resistance  of  individuals  and  families  should 
be  maintained  or  enhanced  to  match  changes  in  the 
environment. 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one  of  eight 
regional  experiment  stations  charged  with  providing  scientific  knowledge  to 
help  resource  managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana,  Idaho,  Utah, 
Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85  percent,  of  the 
land  area  in  the  Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas,  and  well-stocked 
forests.  They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  consumption. 
They  also  provide  recreation  opportunities  for  millions  of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State  University) 
Missoula,  Montana  (in  cooperation  with  the  University  of  Montana) 
Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 
Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 


6 


